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SU[.IMARY

This report investigates the use of a 512 element

linear photodiode array to determine the position of a model

in a magnetic suspension wind tunnel.

A suitable optical system is developed and e circuit

is designed to give a digital end analogue output of position,

This is incorporated into the heave control loop of an

existing magnetic suspension wind tunnel and is shown to

operate satisfactorily. Investigations are carried out into

the immunity of the array output to smoke inserted in the

wind tunnel and a number of recommendations are made for

further work.
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I. INTRODUCTION

This project investigetes the use of a self scanned

linear photodiode array to determine the position of a modal

in a magnetic suspension wind tunnel. This tunnel suspends

the model without any requirements for struts to hold it

stable thus enabling realistic observations of windflow

around the model. However an accurate method is needed to

determine the position of the model in order to control

the magnetic field exerted on it.

At present the only method used to detect the position

is to cause the model to intercept a light beam• The amount

of light then passing determines tile position Of the model

and is detected by a photosensor whose output is used to

control the magnetic field strength - see figure I.

+ 1
Model

_ens 811_

Light Lens

intercepted

by model

;El
Control

system

Fiqure I, Light Beam Position 5ensinq

There are three advantages of using a photodiode array:

(i) To overcome problems of photosensor system when

smoke is inserted into the tunnel to investigate
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2, SELF 5CA[Z[]ED PHOTOD!ODE ARRAYS

This section provides bmckground information on self
I

scanned photodiode arrays end some detailed information on

the Integrated Photomatrix Ltd. system used in the project.

2.1 DEVELOP_4ENT OF PHOTODIODE ARRAYS

The possibility of forming image sensors from arrays

of silicon photodiodes on a single silicon chip had been

recognized since the inception of Integrated Circuit tech-

nology some twenty years ago. Two problems immediately

faced the designers:

Firstly, the array size was limited not by the number

of diodes that could be incorporated on the silicon, but by

the number of outpdt leads necessary to form connections

to these diodes. To circumvent this problem, it was

necessary to scan the diodes and thus to multiplex them into

a single output lead by means of switching circuitry on the

(I)
same chip.

The second problem was that of detecting the minute

photocurrents produced by the very s_ll diodes. This _s

overcome by using the method of charge integration (I) (2) _

see section 2.2.

Early development was spurred by one main advantage

as seen then over electron image scanning tubes such as the

vidicon. This was the diodes Iack of retention of previous

images, which enabled completely new information to be reed

out at each scan of the array. However a further unique

property of such arrays was oniy realized later - that

of the high positional accuracy (better than 10-6m.) of

each diode which made optical gauging systems, and position

sensing systems such as developed in this project possibie.

Serially multiplexed arrays up to 2048 photodiodes

and over 25mm have now been built with scan rates up to

10 MHz. Meanwhile 2 dimensional arrays of 256 by 256 diodes
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have become possible. These are used for area gauging,

character recognition, guidance systems, and in the future

(2)(3)
for television imaging.

2.2 SCANNING METHOD AND CHARGE INTEGRATION

The photodiode array to be used incorporates MOS

transistor switches which access each diode individually

and connect it to a common video output line. The switches

are turned on and off in sequence by two internal shift

registers, each register accessing alternate diodes. These

registers are physically placed along with their associated

MO5 switches on the two opposite sides of the array since

this arrangement enables the closest possible stacking of

the diodes to be achieved. Two non-overlapping clock pulse
(3)(4)

trains drive the registers.

The photodiodes operate in a reverse bias light

integrating mode. Across each photodiode there is a

parallel storage capacitor. The initial scan-pulse propa-

gating through the shift register cause each photodiode

capacitor in turn to be charged to some negative voltage

of a few volts thus reverse biasing the photodiode. Under

dark conditions this charge will be held sensibly constant

for a period of the order of Ims. (I). However if light is

present, the capacitor will lose charge through the photo-

diode• When the next scan pulse reaches the photodiode,

thm capacitor is recharged to its original level. The charge

pulse required to do this, is of course, equal to the total

charge lost, and becomes the video output signal. It is

also the photocurrent integrated over the whole period so

this time between successive scan pulses is known as the

integration time or scan time.

See appendix 2 for a simplified circuit diagram of the

array.
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2.3 THE 'INTEGRATED P}IDTOFiATRIX' ARRAY SYSTEm!

For this project a 512 element array produced by

Integrated Photomatrix Ltd. was used, along with their own

processor and driver boards.

The complete system consists of three boards: an array

board, a driver board and a processor board. Figure 3

shows a block diagram of the system. The array board con-

sists of a socket for the array, clock drivers and a

pre-amplifier. The driver bo_d contains a master clock

oscillator and logic to generate the clock and scan pulses

for the array and synchronised pulses for the signal

processor. The processor board produces a 10 volt maximum

boxcar video output from an integrator and sample and hold

circuits. Figure 2 shows a typical video output from the

board system with the array half covered.

i Ov ---

OV

iOv output

co_responding

to illuminated

part of array.

.

Ov output

corresponding

to dark part

f array,

-_ Scan Time

Time %

W

Figure 2. Typical Video Output for Array Half Covered

A number of signals are available from the boards. The

following ar_ used : the video output signal, scan start

(s)
A and B pulses end the oscillator output .



The photodiodes have a pitch of 0.001 inches (=O.025mm)

and thus the total array length is 0.512 inches (=13mm).

The array width is 0.005 inches. Each photodiode has a

light sensitive surface covering 90% of its length. More

detailed performance figures are quoted in the information

sheet in appendix 2.
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3. ILLUMINATION OF THE ARRAY

The method of illuminating the _rrey is very important

and is considered in this section.

3.1 [XISTIH5 S':'STEM F2R PFOTOSEr,_sOIZS

The illumination system used in the wind tunnel for

the photosensors is shown in figure 4.

Bulb

filament
Lens

mounted

vertically

,,
narrow sl i t

I( 7.6cm)I

=focal lengthof lens.

Model Lens

_Ph_sensor

perpendicular

to filament• (Approx. 5ram)

I< App .ox.Socm. )l

Figure 4. Illuminatidn System for Photosensors

As the model moves down, it intercepts more light. Therefore

the photosensor gives a lower output and the position of the

model cen be determined by this current. The 10 watt bulb

has a very fine, closely wound filament. A lens is

mounted at its focal length from the filament thus giving

as closely as possible the effect of a parallel beam of

light output. This beam is shone through a narrow slit

which is perpendicular to the filament to effectively give

a point source of light. This arrangement gives a very sharp

image and uniform light intensity across the beem.



3.2 LIGHT SOJRCE FOR ARRAY

It would have bcen convenient to use one of the existing

light sources for the photodiode array in the wind tunnel

but it was discovered that the 10 _._ett bulbs v,ere not

bright enough to use for this purpose• Therefore e different

bulb was reouired _.hich must be run from m d.c. source.

A 55 watt, 12 volt halogen car her dlsmp bulb _._s selected

for use. The _im ,t_as to _det the transition betvfeen light

and dark on the array :vindow to be as sharp as possible to

give the squmrest video output from the driver board, _nd

to obtain uniform light intensity across the beam. Four

factors affect the operation and will be discussed in turn:

(i) Intensity of source.

(ii) Background lighting.

(iii) Focusing of image.

(iv) ',Javelength of light source.

3_2,1 Intensity of Source

The illuminated video level output from the I PL board

can be adjusted with a preset from I volt to 10 volts.

However a certain minimum intensity of light is required

before the output remches the level set by the preset -

this intensity being the same regardless as to where the

preset is adjusted to. Figure 5 shows three video output

waveforms for differing light intensity. In all of them

the preset is adjusted to give maximum (10 volt) illuminated

output and the chip is covered at a point approximately two

thirds of the _Jay across using the lighting arrangement

shown in figure 4, (with headlamp bulb, and photodiode

array placed where second lens is).

The first waveform shows the video output when the

intensity of the source is turned down to give a 5 volt

illuminated output. The second shows the video output when

the source has just been turned up enough to give a 10 volt

illuminated output, and the third _:aveform _shen the source
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has been turned to its maximum intensity to give more lig,_t

than is required for 10 volts.

An arbitrary voltage (threshold level) is token on the
i

falling edge as being the decision point to determine the

position of the model. The slope of this edge must

therefore be considered carefully _s the model will appear

to be at slightly different positions for different

threshold levels up and down the slope.

From the three waveforms it c_n be seen that tl e first

two take the same time to ci_ange from zero volts to t_eir

maximum level. In other w_,rds, thn second , _veform _-ith

a 10 volt m_ximum has a sharper edge than the 5 Volt

waveform. This is to _.,e expected _s L;;is ed e is _ _eo-

metric function of thc penumbra (transition frnm lisht to

dark) only. However the slope of the final w_veform in
: : :.

this diagram is even sharper. The array is being

'overloaded' by the intense source _nd some of the photo-

diodes in the penumbra are giving a maximum ten volt

output; see figure 6. Thus the slope is sharpened up.

Three points emerge from this discussion which all

show that the maximum intensity lig;_t source possible s_lould

be used :

(i) In order to work with different threshold voltages

for deciding on the point where the video output goes from

light to dark it is evident that the sharpest edge possible

is required so that the position across the scan changes

the least possible amount when the threshold voltage is

changed. See figure 7.

(ii) As explained in the introduction, one of the objec-

t£ves of this project is thnt one should be able to intro-

duce smoke into the tunnel without changing the sensed

position of the model. The effect of smoke will be to re-

duce the intensity of the light source and this will reduce

the slope of the transition edge and eventually L_ring the

illuminated level output below the threshold level. It is

i



Light
Source

source, as some
photodiodes
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receive enough
light to _ive
max. output.
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,8, --h
Threshold
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T- ------
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Figure 8. Re!at_onship between Slit Width and Penumbra.
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clear therefore that tile maximum intensity of light

possible should be used to give illumination 'in hand'

for smoke tests.

(iii) The slit arrangement used for the photosensor

lighting system will be used again for the array. This

slit is made as narrow as possible to give an effective

point source of light. The more intense the light source,

the narrower this slit can be made and tl_us the smaller

the penumbra is on the array. See figure B.

3.2.2.Backqround Liqhtinq

It was discovered that 'normal' background lighting

in a room (i.e. not direct sunlight_hut room lighting

on,and reflections from outside light) can raise the unlit

array output to as much as 2 volts. This background

lighting now adds to the light from the source. Four

waveform plots in figure 9 show the effect on the transition

edge. In all of them the board preset is adjusted to give

maximum 10 volts output. The first waveform shows the

source intensity adjusted to give 5 volts illuminmted

video output with zero background lighting. The second

shows the same source intensity but with 2 volts background

lighting. The illuminated level is now T volts and the

whole waveform has effectively been moved upwards by 2 volts.

Both these two traces have transition edges which take

the same time to fall. The second pair of waveform plots

have the source adjusted to just give 10v output (with no

background lighting). One waveform however has no background

lighting, the other has 2 volts. The extra lighting makes

the transition edge sharper but there are two reasons for

requiring a Ovo unlit output:

(i) Results are not repeatable if the b_ckground level

varies as say the sun goes in and out. One must therefore

try and keep background lighting constant at some level,

and the easiest thing to do is to try and hold it to give
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zero volts output.

(ii) As discussed in tlle previous section, when smoke

is inserted into the tunnel, the light output level comes

down and the low voltage levels on the falling edge move

least. Therefore it is desirable to use this pert of the

curve for the light to dark transition point and thus the

background level should be kept to zero volts.

The solution to this problem was found in placing a short

collar around the array to cut out most background lighting.

This collar was about 4cm. long with a diameter of approx-

imately 5cm. Its internal edges were grooved and painted

matt black to cut down internal reflections. As long as

the array was kept away from facing directly into the

room lights or the window, this was found to be sufficient

to keep the dark level to roughly zero volts. Ideally,

background lighting will be kept as low as possible in any

future system as the edge obtained from the video output

using the collar was still not as sharp as that in a

completely darkened room.

3.2.3. Focusinq of Imaq_

The bulb used for the photosensors had a very fine,

closely wound filament. The filament is focused by the first

lens to give uniform light output across the width of the

sensors.,

Conversely the headlamp bulb had e very coarse, loosely

wound filament and when this was focused on the array, the

pattern of the filament showed up as alternate light and

dark patches! To get round this the lens was moved to half

its focal length from the filament. This will produce a

divergent source of light which may not have completely

uniform light intensity across the length of the array.

This is not as important to obtain with the array as with

the photosensors. However the filament pattern on the

array was now 'blurred out'.
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3,2,4 r Wavelenqth of Light Source

No mention has been made sc far of the spectral

response of the photodiode array. A graph of this is given

in appendix 2 showing that the pe_k response of the array

is in the infra red. For light at the visible wavelength

only, the responsivity of the army is roughly e hrlf oF

its maximum. No figures were obt_;ined _s to the infra red

content of the helooen ho,_dlpr_p l)ulb used but consideration

of this should be given in _ny future s_,stem especi:lly

with regard to inserting Smoke in the tunnel.

3,3, ILLUHINATION ARRANGEr lENT FOR ARRAY

The arrangement finally used with measurements is

shown in figure 10.

Lens

-l,t
I

I
I i
i 8m '4,

Slit

perpendlcular
to filament.

Width: 0.5cm. Model

!

!

I
!

!

30cm ' 1 3mm

-.. Photodiode

array

I
I

I

I
@

#@

Fiqure 10. Illumination Arrangement for Array.

Assuming the light to be a point source and knowing the

photodiode array length, the maximum movement of the model

detectable with these dimensions can be estimated. The

array is 13mm. long, so a movement of the model through

8.125mm. will cover the entire array length. The array

is 512 elements long so the resolution is 0.0159mm. The
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resolution can be made smaller (i.e. better) by moving

the model towards the lens_or the m_ximum detecta_le distance

can be made 12rger by moving the inodel towards the array.
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4, CIRCUIT DTSIGN

The video outi_ut of t!,e I.P.L. board is to be converted

to a zero to 5 volt anclogue signnl, tlle voltage being

proportional to the position of t! e shadow along the array

i.e. 5 volt output if the array is completely illuminated,

zero output if the array is covered. It was decided to

produce first a digital binary output, then convert this

using a D-A converter to give an analogue output. A block

diegram of the circuit is shown in figure 11 and the initial

circuit diagram of the comparator, counter end latches in

figure 12. A complete circuit diagram of all additional

circuitry designed is shown in figure 15 at the end of this

chapter. Each circuit block will now be considered

separately:

4.1 TFIE CONPARATOR

A comparetor is used to threshold the input and to

determine an arbitrary voltage where the videm signal goes

from light to dark (or vice versa). The comparator is

designed to be variable over the threshold range: I volt

to 9 volts, so that the optimum level can be selected

depending on the lighting conditions.

4.2 1 THE COUNTER

There is available from the I.P.L. board, the clock

signal and pulses which start the scan across the array.

It would be convenient to use the board clock to clock

a counter which is free to run until the comparator output

goes low i.e. when the array goes dark. This number can

then be run onto latches and the counter reset to zero

at the end of the scan. Thus the latches will be reset

once every scan. The circuit employed is going to try and

use the scan start A pulse (ssA pulse) to both enable the

latches and the counter without losing the first bit of
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video information. In order to do this the relative

position of the scan start pulses nnd the clock must be

considered, The waveforms are shown in figL_re 13.

The counter counts until the comparator output goes

low (and thus the clock input stays high). The sea signal

is connected straight to the clock input on the D type

latches. These transfer data to their output on positive

edges so this is done at the _eginning of the ssA pulse

(and takes approximately 25ns). The sea signal is connected

to the reset pin on the counter via a delay of two nand

gmtes (about 5One). The reset has an active high input so

the counter is now reset to zero _nd held there until ssA

goes low.

If the beginning of the array is illuminated, the

comperator input will go high at the beginning of ti_e seA

pulse, thus enabling the counter clock input. The clock

to be used is the master oscillator (figure 13) which is

high for roughly twice the time that the ssA pulse is. 5o

when the ssA pulse goes low the counter clock which is neg-

ative edge triggered will start counting on the first

element.

When this circuit was tested it was found that in

fact the counter was not being reset. This was due to the

output from the two nand gates delay having a slow rise

time and appearing to not reach the full +15 volts. One

solution of this is to insert a schmitt trigger after the

nand gates to sharpen up this pulse. In this case it

was decided to use the ssB pulse to reset the counter to

save on using another integrated circuit. This does

however meQn that the first photodiode on the array is not

used. This is not important for this system, but if for

instance two or more of these arrays are to be used placed

serially to give a larger scan length, then it could be

important to utilise all photodiodes.

There is a space of 8 clock pulses between the 512 th
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photodiode being clocked and the ssA pulse. So when all

the photodiodes are illuminated, the counter in f_ct counts

to 519 since the video output has a slow fall time and

the comparator does not detect a gap of 8 bits.

4.3 THE LATCHES

The 4013 D-type flip flops were the only suitable

memory circuits available. The latches have to store the

information from the counter between successive ssA pulses.

During the ssA pulse this information must be clocked onto

the outputs and stored until the next pulse. These latches

require just one input. The 4044 latches reoaire separate

set and reset inputs which is not sult_ble far use iere.

The optilaur_ latch to use is the 4042: quad clocked D-type

which has 4 D-type latches i_er chip requiring no sap_r_c

set snd roset inputs. This would h_lve the 'chip count'

for the latches.

4,4, THE LED5 .....

Ultimately the wind tunnel will !>e controlled b_! a

computer which v_ill require the digital information on

the output of the l_tches. For the moment this digital

information w_s shown visually ns a binary readout of

position on 10 leds. lhese reouired 30mA each _nd the

driver circuit is shown in figure 15. This circuit can

supply up to 26mA. 10 lads. at maximum require 260mA and

on the prototype board this supply is delivered from a

separGte +15 volt supply.

4.5+ 8 BIT D-A

512 elements indicates a 9 bit D-A converter is

required. A 10 bit one was ordered but a long delivery

time was quoted. So at first a readily available 8 bit

D-A was used (RS: DAC 0800) and tl,e least significant bit

was discarded, thus halving the =esolution of t_e array.



The circuit di_uran is s'._nwn in figure 14. This _-A

has a typical settling time of 100ns. It re_.uires a

referencs currant (which controls t!:e output cdrrent) .;r.d

this must be fad by _ stable re f_rence voltage. In this

case the reference voltage weLs t_ken from the +15v. supply

using two decoupling resistors and two capacitors. The

addition of an op-amp to the D-A provides a low impedance

output, and the output voltage swing cnn be adjusted both

in maximum amplitude and range (by use of the offset null

pot. ).

4.6. 10 BIT D-A

Shortly after the 8 bit D-A had been connected, the

10 bit D-A arrived. Appendix 3 gives the information

sheet supplied with it. Tl,e circuit diagram is shown in

figure 14 end calculations ere given in appendix 3.

A separate 5 volt source was used for the D-A supply

and current reference. This is not necessary and could

be taken from the +15 volt source, switably _ivided down

and decoupled, if required.

4.7, 'LATCH UP' GATES

It was stated in section 4.2 that the counter counts

to 519 when the array is completely illuminated. Thus

when using the 8 bit D-A the output was a maximum at 511

and dropped bo zero at 512 to 519. Although in the test

wind tunnel it is not intended to operate the sample models

at the extremes of the display, this effect will make the-

placing of the models in the first instance in the tunnel,

difficult. When the array is completely lit, the control

system will react as if it is completely dark since the

D-A output is zero. The magnetic field will therefore

be attempting to pull the modal up as hard as possible.

As the model is lowered in, the D-A output will suddenly
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swing to maximum, thus the magnetic field _;ill drop and

the tendency ::ill be for the opera, tot to push the model

out of the tunnel before reacting to the sudden change

in field.

This situation is also not desirable since when the

magnetic coils are switched on and no model is in the

tunnel, one prefers them to be carrying just quiescent

current rather than the 35 to 40 amps. mexir,,um they do when

the _nput from the sensor is zero. It was therefore

decided to latch the output of the 8 hit D-A _i i"s

maximum when the bit count exceeded 511. This figure was
th

chosen as then the 10 binary bit could be used to drive

the latci_es.

The method used was to insert dual input or gates

between the outputs of the D-type flip flops and the inputs

to the D-A (see figure 15). The ot!_er input of all of these

gates was connected to the I0 th bit so when this goes

high all outputs of the or gates (and thus inputs to the

D-A) are high and stay high until the I0 th b_'t_ goes low

again.

When the 10 bit D-A replaced the 8 bit, it vlaz

considered wI_ether to remove the or gates, since the 10

bit can cope _ith the number 519, In fact the or gates

were left since, if ever the I.P.L. board is used with a

I024 element array, the 10 bit D-A can still be used and

th
the 11 bit from the counter used to control the or gates.

4.8. INTERFACE CIRCUIT

The existing control system consists of several

amplifiers and summers using LM308 op-amps. The inter-

face circuit, which goes between the output of the D-A

and the input to the existing control system, was built

on a card which was inserted into the control s3,stem rack.

The circuit is shown in figure 15.

A switch was incorporated to change the input of the
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heave control loop from the photosensor to the photodiode

array. The point where tile D-A signal is applied requires

an inverse signal to what was originally thought so an

op-anlp was built with a gain of -I. In use it was

discovered that the model was not steady. It 'jittered'

occasionally due to transients and quantisation effects

from the D-A output being greatly amplified in the control

circuit. Thus a 0.2_F c_pacitor was added in parallel with
the feedback resistor of the op-emp, tlTus giving an r

inverting filter with a roll off freouency of 79.5Hz.
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,5, OPERATION Ar,!]D TESTING

No problems were experienced in floating a model

using the array, and switching between the two sensing

systems could be carried out while the model was in the

tunnel with no detectable difference in performance with

either system. This section is divided into two p_rts.

The first discusses ca!i_ration tests, the second rocgirg

tests in t! e tunnel.

:fi

5.1 CALIT_RATICr! TFST

The first tE.st _o i e carried o..-t wrs to cali,_rcte' _'.r:

hecve position of the model v:ith t ,_ o,_tput of t!le O-A,

and make sure that the_, had a linear relationship. (The

existing photosensors _'ere used to control pitch motion).

In order to do this, an optical L ench was placed along the

bottom of tl_e tunnel. Mounted on ti,is v_s a lens holder

which could be moved up and do_'1 v.ith a vernier adjuster
-2

giving readings accurate to 10 mm. The top-edge oF the

lens holder represented tl;e model and intercepted the

beam of light as it _:as moved up and down.

In the test the scanning frequency used was I KHz.

(i.e. D-A being updcted at a freouencv of I Kllz.). The

video illuminated output was 10 volts and background

lighting gave about 10mV. Graph I shows three calibration

tests for the op-emp threshold voltage set at _ ., 5vl.V •

and By.

The relaticn_,ip bet_r, en dist_:nce r_Td o_,tput is line, mr
c=

in all three cr_ses end t, e total movement sen._ed b3/ eacL

of them is T.92mm.

The relative difference in p:_sition of the three lines

is to be expected. _f one refers to figure T, it c_n I,e

soen that the three t :reshold voltages used are at di£ferent

points up and down the video output curve. Graph I Gives

approximately Oo2r.m in difference between the 2v. and 5v.
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and between the 5v. and By. Zines. (The difference of 0.2m_

is the same if one refers bcck to figure 5 and considers

the width of tl_e high output in the third waveform at the

different threshold voltages).

5,2 S_OKE TEST

One of the most important reasons for investigating

the use of the photodiode array in the tunnel was that by

using the principle of detectin_ t;_e edge of a shadow, one

should be able to insert smoke witheut affecting position

readings. Therefore testing of this capability was

regarded as important.

The smoke was 'simulated' by layers of polythene cut

from polythene bags, These were placed directly over the

collar, i.e. only about 4cms. from the array. This is _c-

tually the 'least sensitive' position for the polythene

as the light will be less scattered by it placed here

when it reaches the array as opposed to the polythene for

instance being placed directly over the source,

For these tests the bulb was run at 50 watts and the

input threshold was set to tl_e minimum level possible:

2 volts. One measuring system was used to test ti_e other.

However two preliminary sets of results had to be taken

first:

(i) The photosensor system had to be calibrated as was

the photodiode array in the last section. This is shown

in appendix 4. Only about half the range was covered as

this was all that was required.

(ii) The light attenuation by the layers of polythene

had to be calculated. This was done by placing the poly-

thene over just one of the photosensors and these results

are shown in appendix 4. 2.44 volts is equivalent to

maximum light and zero volts to complete darkness. An

additional linear scale has been added with I00_ cortes-

U
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ponding to 2.44 volts and O_ corresponding to zero volts

- this gives the light attenuation. In the first tE_:t the

photodiode array controlled the heave motion and the layers

of polythene were placed over it. As this was done the

output of the photosensors gave a reading of the movement

in position of tile model and this is plotted in graph 2

as position against attenuation of light,

Sixteen sheets of polythene vere placed over the

array before the model went out of control. The graph

shows that at 50_ of original light the model has moved

by O.21Bmm and even at 30_ by only 0.436mm. To put this

in perspective, 0.218mm represents only 2.7_ of the total

length of the photodiode array and thus represents

movement of about 14 photodiodes only.

With the light level below 30_ of original the model

starts to move much further and eventually goes out of

control below I0,_ of the original light level.

In the second test the two sensing devi_s _Jere used

the other _ay round, with the photosensors controlling

the heave motion and the photodiodc array indicating the

movement while the polythene w_s placed over both of the

photosensors. As,expected, the photosensors were far le'ss

immune to the polythene. V!ith one layer of polythene,

the model moved by 1o6mm., with two by a further 2°15mm.

and with three it _Jent out of control_ These results are

not plotted on graph 2!
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6. FURTHER WORK

Huch still remains to be investigated about the use

of the photodiode array, and points raised b_1 this report

are considered in this section.

(I) Only one array has been used so far. The next stage

is obviously to set up two arrays to control pitcil es v,ell

as heave.

(2) To sense a larger range of movement it ma_; be

required to extend the 512 el,F lent array to a longer one.

The I.P.L. board will take a 1024 ele_lent array giving

twice the existing sensing length. The I0 bit D-A in

use can be operated with a 1024 array since at present one

of its bits is not being _IsEd.

(3) It may be important in future to access the first

photodiode of the array which at present is being missed.

This could be used if suggestions in section 4.2 are

carried out. Alternatively the end of scan pulse could be

used from the photodiode array (on pins I smd 15) _nd L his

used to open t_e latc_s end reset the counter during the

8 pulse gap at the end of t!_e sca, n.

(4) It is not known how much _ttenu_iion oF light will

be caused b3, smoke in a wind tun,,el and thus whether the

results obtained v_ith polythene are acceptable.

(5) This Rhotodiode array is more responsive to infra

red light than visible light• Since scattering of light

is very low in the infra red spectrum, this will almost

certainly be a method of overcoming the smoke problem.

This is regarded as a most important point.

(6) It is not known what sort of conditions will be

encountered in any future wind tunnel but no consideration

has been given to the effect of dirt on the array window.
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It is suggested that the wind should keep the window clean,

and from experience, small particles of dirt, fluff _nd

hairs do not affect the output.

(7) The temperature inside wind tunnels can get very

low and it is not known if this will affect the photodiodes'

response. One would suspect that impurity levels with

energy levels between the valence and conduction bands

would be frozen out and so there will be no effect as long

as one works with light frequencies greater than the band

gap.

(8) Again, the photodiodes may react to very strong

magnetic fiel_ such as will be encountered and this must

be investigated.

(9) An optical reflective target system was mentioned

in the introduction, (see appendix I). This can be looked

into with a view to using models that are no_'specially

shaped.
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LT_ CONCLUSIONS

It has been shown that photodiode linear arrays can

be used to detect the position of models in a wind tunnel.

The method of thresholding the video output signal

from the array and converting it to _ binary digital then

an analogue signal has proved satisfactory. Nuch thought

however has to be applied to the optical s_/stem to obtain

m sharp transition from light to dark on the array.

The output of the system h_s a linear relationship

with the position of the shadow on the array. It has also

been shown that the photodiode method is relatively im_nune

to smoke in tlne wind tunnel, the light intensity having

to be cut to below 10% before the model goes out of control.

Further investigations are required concerning this, in

particular, the capability using an infra red source.
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APPENDIX I

OPTICAL,,REFLECTIVE TARGET SYSTE;I

This system involves putting optical targets on the

wind tunnel model. These targets have a sharp transition

from a highly reflective surface to a matt black non-

reflective area and _,Jhen light is shone at this transition

edge it will cause a shadow on tl,e photodiode array - see

figure 16. The advantage of this met i_od is that there

will be greater flexibility in the shape of the models

that the wind tunnel can accommodate.

l I
I I I !

I I I I
!

I I I
_ , i, /-F --_

I, /

.....

TARGETS _ _ _

_ TARGET

""MULTIPLE __ _ PHOTODI 0 DEDIFFUSE
ILLU_INAT IOl ARRAY

Fiqure 16. l']ultiple Optical Tar£ct System.
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IPL M Series
ArrayData

information sheet

0. !
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f

Features
• Arrays of 256,512, or 1024

on .001" centres

• Scan speeds to 10 MHz

• Recharge mode signal output.

Introduction
The IPL M-series of arrays are silicon

self-scanned linear photodiode arrays

with integrated scanning circuitry

included on the same chip. The arrays
are manufactured in three different

sizes, 256 elements, 512 elements and

1024 elements. The diode pitch is

.001 ". Two sizes of diode aperture are
available to enable users to select the

aperture width best suited to their

application•
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. Ilm General Description
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FIG 1 A simplified circuit diagram of the M-series array Is shown in Fig. 1.

Im The Shift Register

FIG 2 TTL Timing Logic

The Photodiodes with their associated

parallel storage capacitors are

connected through MOS transistor

switches to a common video output

line. The switches are turned on and

off in sequence by a shift register.

Each device contains two shift

registers, each register accessing

alternate diodes. Each shift register is

driven by two non-overlapping clock
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puiseir r, u-uw,_. ,,,,, .... I ....
is initiated when a scan start pulse is

applied at the scan start input terminal
The scan pulse is propogated through

the register alternatively by (_1 and _2
A TTL timing diagram of the clock

pulses is shown in Fig. 2.
The shift registers can be operated

in several different ways. By clocking

the two registers alternately and
connecting the video outputs In

parallel a serial stream of video
information is obtained representing

every diode in the array. Alternatively,
by clocking the two registers in

parallel, and processing the separate
video outputs each video output will

represent the odd and even diodes
respectively. A third alternative is to

operate the registers simultaneously
and connect the video outputs in

parallel. This gives the effect of a .002

_nch pitch array with half the total
'number of diodes being accessed. A

reference voltage termed V.ref. must
be applied to the shift register at all
times in order to operate it. This

voltage is nominally - 8.5V in value.
When all the photodiodes in the

array have been sampled, an output
pulse appears at the end of the scan
terminal which is provided for each

shift register, The end of scan pulse

Sldft

Register
A

INTERNAL

Shift t
|etister

S

it
I

appears two clock periods after the
final diode is sampled. The pulses are
referenced to the end of scan ground

terminal and this needs to be
connected to ground. A buffer circuit
for the end of scan is shown in Fig.3.

7
I

,, I,NO

I
...I

Of SCAN A

END OF SCAN |

o-7
" I

INO 041 SCAN"
(HtOUND

I I

_ m
esOUm

FIG3

u

FIG 4

Charge (pC)

ThePhotodiode Array

10

10 ..... I$ " ' "

Exposure (14W. sec. cM")

The Photodlodes in the M array

operate in a reverse bias, light

integration mode. In this mode, the
Initial scan pulse propagated through

the shift register causes each
photodiode in turn to be charged to the

negative potential applied to the video
output terminal. During the period
before the subsequent scan pulse,

termed the integration time, the
photedlede loses an amount of charge

proportional to the total amount of
light incident upon it. The subsequent

scan pulse recharges the photediode to
the video output terminal potential.

The amount of charge necessary to
restore the photodlode to this potential

represents the video signal. Hence a
readout of charge proportional to light
intensity is obtained.

The output charge is directly

proportional to the exposure, exposure
being defined as the light intensity
multiplied by the Integration time. A

graph of the output charge against
exposure Is shown In Fig.4.
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Video Processing
The video output of the M array Is a

serial train of charge pulses, to process

these charge pulses IPL recommend

the use of an Integrator with sample

and hold circuits to produce a d.c.

referenced boxcar output waveform.

I PL produce circuit boards to drive and

Spectral Responseand Responsitivity
The spectral response of the M arrays

is shown in Fig .5. The response

extends from the near u!tra-vl01et to
the infra-red region of the electro-

magnetic spectrum. The peak

response occurs near 820nm.

The responsiv|ty_[gUr_; g_ven In the

specification section are mean values.

Relative Response

There Is some variation of responsivity

along the length of the array caused by

the manufacturing processes used to

fabricate the array. However, these

uniformity variations also depend

upon the particular light source used

with the array. Tungsten light sources

contain a high proportion of infra-red

L_3.
process the output signal from [he lv

arrays. The boards are sold as an

assembly called the MPDA.

The video processor used in the

MPDA allows optimum •performance

from the array to be obtained in terms

of the signal to noise ratio.

light to which the array is very

sensitive. Uniformity variations are

proportionally worse at infra-red

wavelengths than visible. If light at the :_

visible wavelength only is used, the

responsivity variations are approx.

50%'ot the figures quoted in the

technical specification.

FIG5
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Signal to Noise
Considerations

The maximum signal to noise ratio that

can be achieved with the M arrays
depends on the output signal

processing used. Using the MPDA

system, a signal to noise ratio of 400 is

typically obtained with a 512M array.

This figure is the ratio of peak output

signal level to r.m.s, noise, Including
Fixed-pattern noise.

This noise contains three

components. Dark leakage current

non-uniformity, fixed pattern noise

and thermodynamic noise. Dark

leakage current is temperature

dependant and only becomes

significant at either temperatures

above 30"C or Integration times in

excess of 40ms. Fixed pattern noise is

dependant on the shift register drive

waveforms, and can be cancelled in

the MPDA. The last component,

thermodynamic noise, is the random

non-repetitive fluctuation which is

superimposed on the dark signal. This

cannot be removed by the signal

processing; however, it is negligible

compared with the noise in the signal

processing circuitry for all normal

applications.

IPL reserves the right to change the products and circuits used in this information sheet in the interests of improved specifications, etc.
Methods used are typical at the time of going to print but are not necessarily those most recommended.
No responsibility is assumed lot the use of inlorma lion contained herein, nor for any infringement of patents or rights of others which
may result from such use.
No licence is granted by implication or otherwise under any paten t or patent right of In tegrated Pholomatrlx or otherl.
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MechanicalDetailsand PinConnections
Pln Connections
2S6M SI2M 16 lead DIL I024M 24 lead DIL

Pin No Function Pin No Function

L_e

I End of Scan A 1
2 Screen 2
3 V ref (both sides) 3
4 I_2A 4
S _IA 5
6 Scan start A 6
7 Video A 7
8 Screen and substrate 8
9 Screen and substrate 9

10 Video B 10
11 Scan start B 11
12 I_IB 12
13 _2B 13
14 Shift register ground (both sides) 14
15 End of scan B 15
16 End of scan ground 16

17
18
19
2O
21
22
23
24

End of scan A
Screen
V ref (both sides)
NIC
NIC
_)2 A
E)l A
NIC
Scan start A

Shift reg. ground (both sides)
Video A
Screen and substrate
Screen and substrate
V ref (both sides)
Video B
Shift reg. ground (both sides)
Scan start B
N/C
¢lB
£)2B
N/C
Shift reg. ground (both sides)
End of scan B
End of scan ground

Package Details

I S,.. , =-,.-t .ol, ;= o.,oo _.'

Notes

1 Photodiode array centre line falls
on the centre line of the package to a
tolerance of ± 0.010"

2 Chip surface to packa_,e surface 0.051".

3 The refractive index of the package
lid is 1.53

4 All the array-s_,can towards Pin 1.
5 All dimensions are in inches.

PNOfO0_OI) l

¢INTII|INI

0-7|0



TechnicalSpecification
Performance measured at 20"C. Electro-optical parameters obtained with a tungsten filament source at 2870" K

Electrical Characteristics
Parameter Value Unit

Min Typ Max

Min. shift register operating frequency 100 Hz
Max shift register operating frequency 5 x 10' Hz

Minimum clock width 200 ns

Clock amplitude -23 -24 -25 V

Scan start pulse amplitude -23 -24 -25 V

Clock crossover voltage -2 V

Scan pulse overlap on trailing edge of IZ)I 30 ns

V ref (IlJ.A max current) -8.5 V

Video line bias -10 V

Clock line capacitance
1024 170 pF

512 90 pF
256 50 pF

Video line capacitance
1024 60 pF

512 31 pF
256 17 pF

Electro-Optical Characteristics
Parameter Device Type Unit

M1 M5 Mll

Responsivity 0.8 4.5 10 pA//J.Wlcm= (note 1)
Saturation exposure 21 3 1 I.LW seclcm _
Saturation charge 17 14 10 pC
Uniformity of response -8 :!:8 :t:8 % of signal (note 1)
Dark fixed pattern noise 0.15 0.15 0.15 pC peak-peak (note 2)
Dark current equivalent 8 1.4 0.64 j_Wlcm _at 20"C (notes 1,2)

Centre to centre spacing 1 x 10 = 1 x 10-3 1 x 10 _ inches
Aperture width 1 x 10 `= 5 x 10 .3 11 x 10 .3 inches (see note 3)

Absolute MaximumRatings
MIn Max

Voltage applied to any pin with respect to substrate + 0.2 -30 Volts
Ambient operating temperature -10 + 70 "C
Storage temperature -20 + 85 "C

Notes

1 Using a 2870K tungsten light source.

2 A + 2V bias applied to pins 2, 8 and 9 (256M and 512M) or pins 2, 12, and 13 (1024M) with respect to the
shift register ground pin reduces these figures to approximately 60%.

3 The wide aperture array is specified by the suffix after the letter M. The 256 M5 Is the 256 element array
with the 0.005" aperture.

L_5.

No. PX303A AUG 1978 Printed in Gt. Britain



APPENDIX I11

10 BIT D-A: INFCRHATICii,I SHEET AE.JDCALEULATIr]N5



:t

I

|il

LOWCOST,10BIT MONOLITHICSYSTEMS,INC. DIGITALTO ANALOGCONVERTER

......................... , ..

1/79

FEATURES

II, 10 Bit Resolution

• Straight Binary Coding
• Current Output

• 250 nse¢. Settling Time
• TTL/CMOS Compatible
• Low Cost

GENERAL DESCRIPTION

The DAC-IC10B is a low cost, 10 bit
monolithic DAC with fast output cur-
rent settling time. It is packaged in a 16
pin ceramic DIP and requires only an
external reference and operational
amplifier for voltage output operation.
A full scale change in output current
settles in 250 nanoseconds, and with a
fast I C up amp (such as Datel Systems
AM-452) a IOV output change can set-
tle within 1 microsecond. Digital input
coding is straight binary for unipolar
operation, and offset binary for bipolar
operation; the logic inputs are compati-
ble with "1-I"Lor CMOS.

This converter is manufactured with
monolithic bipolar technology• The cir-
cuit incorporates 10 fast switching cur-
rent sources which drive a diffused
resistor R-2R network. The ladder net-
work is laser trimmed by cutting alumi-
num links. The circuit also contains a
reference control amplifier and a bias
circuit. An external reference current
of 2 mA is required at the + Reference
input terminal; this is acoomplished by
an external voltage reference and a
metal film resistor.

Other characteristics of the DAC-ICIOB
include linearity to +--½LSB and guaran-
teed monotonic performance. The gain
temperature coefficient of this unit is
typically -20ppm/OC. Output voltage
compliance is -2.5V to +O.2V, permit-
ting direct driving of a 625 ohm resistor
for a voltage output. The reference
input current can be varied from 0.5 mA
to 25mA to give monotonic operation
as a one or two quadrant multiplier.

Power supply requirement is +5VDC
and -15VDC. The DAC-ICIOB is avail-
able in three models covering two
temperature ranges, O°C to +70°C and
-55°C to +125°C

DIGITAL INPUTS
MS8 LSB

BIT NO. I 2 3 4 5 6 7 8 9 10

II11111],11

J FAST CURRENT SWITCHES

[ll,llllfll
TRIMMED R-2R

LADDER NETWORK

I BIAS

CIRCUIT

CONTROL <_,w_u 200

A.L,.,. L_ •i
-VEE GROUND

OUTPUTCURRENT

_4_-VCC

MECHANICAL DIMENSIONS
INCHES (MM)

| t _DATEL i I

) I ,_s,_,_ I I
REF,

1 ._ }_-0 QG6MAX 0
11,41

0 757 MAX [119,2I

O. 155 MAX '

I/ IJ U II It II II UOO4SMAX
- - " " " " " " (t.ll0,02 MAX.

-- 0,012 MAX

iO.3t

IN PUT/OUTPUT
CONNECTIONS

PIN FUNCTION

1 -Vee
2 GROUND' r

3 OUTPUT CURREN1

4 BIT 1 IN (MSB)
5 BIT 2 IN
6 BIT 3 IN
7 B!T4 IN
8 BIT 5 IN
9 BI'T 6 iN

=
10 BIT 7 IN

11 8!T 8 IN

12 BIT9 IN
13 BIT 10 IN
14 +Vcc

15 -REFERENCE
16 +REFERENCE
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t MAXIMUM RATINGS
| Vcc ....................... +7.0 Volts

VEE ....................... +18.0 Volts
Digital Input Voltage ......... + 15 Volts
Outpul Voltage, Pin 3 ......... +0.5, -5.0 Volts
Ref. Current ................ 2.5 mA
Diff. Ref. Voltage ............. 07V

INPUTS

Resolution .................. 10 Bits
Coding, Unipolar Output ...... Straight Binary
Coding, Bipolar Output ....... Offset Binary
Input Level, Logic "1". ....... +2.0 to + 15V @ +40t_A
Input Level, Logic "0". ....... 0 to +0.8V @ -0.4 mA
Nora. Rel. Current, Pin 16 ..... 2.0 mA
Reference Current Range .... 05 mA to 2.5 mA
ReL Bias Current, Pin t5 ..... -5 _A max.

OUTPUTS

Output Current .............. 4.0 mA "-0.2 mA
Output Current Range ........ 0 to 50 mA
Output Current, All Bits "0".,. 2.0 #A max. I
Output Voltage Compliance,..-25 to +02V
Output Capacitance .......... 25 pF

PERFORMANCE

Linearity Error, B, BM ........ -+_ LSB, max.
BC ........... --+1 LSB, max.

Diff. Lineartty Error .......... -+½ LSB
Monotonicity, B, BM ......... Full Temp Range 2

BC ............ At 25°C
Gain Tempco ................ -20 ppm/°C,

60 ppm/°C max. 3
Rel. Current, Slew Rate ....... 20 mA/#sec.
Re|. Current Settling ......... 20 _sec. 4
Output Current Settling ....... 250 nsec s
Update Rate ................ 4 MHz
Power Supply Sensitivity ...... 02%/% max.

POWER REQUIREMENT

Vcc Voltage ................ +5 VDC -"0.25V
Vcc Current ................ 18 mA max
VE==Voltage ................ -15 VDC -'-O75V
VEE Current ................ -20 mA max.

PHYSICAL ENVIRONMENTAL

Operating Temp. Range
DAC-ICIOB, BC .......... O°C to +70°C
DAC-ICIOBM ............. -55°C to + 125°C

Slorage Temp. Range ........ -65°C to + 125°C
Package .................... 16 Pin Ceramic DIP

NOTES:
1 4.0 pA max. for DAC-IC 10BC only.
2. All converters in this series typically retain rated mono-

tonicity for values of inpul reference current from 0.5
mA to 2.5 mA.

3. 70 ppm/°C max. for DAC-IC10BM only.
4. Zero to 4 mA output change to 0.1%.
5 Full scale change to ½ LSB.

ORDERING INFORMATION

OPER. TEMP
MODEL RANGE

DAC-IC10BC 0°C to +70°C
DAC-IC10B 0°C to +70°C
DAC-IC10BM -55°C to +125°C

THESE CONVERTERS ARE COVERED
BY GSA CONTRACT

1. The Genera/Connection Diagram shows the basic
connections for the converter. The scale factor is

set by a reference current injected into pin 16. Pins
15 and 16 are the input terminals to the reference
control amplifier. When connected as shown, pin 15
is grounded through R_s and pin 16 is at virtual
ground. Therefore, the reference current is deter-
mined by the external voltage reference and R,e:
IREF = VREF/R,6. R,,t should be a stable metal film
resistor. R_s is used only to compensate for the
input bias current into pin 15 (1 pA typical}. R,5,
if used, should be equal to R,6 and may be a carbon
composition type. An IRE F of 2.0 mA is recom-
mended for most applications.

2. There is a second method of connecting the refer-
ence shown in Two Ways to Connect Reference. A
negative reference can be applied to pin 15. In this
case only the bias current must be supplied from
the reference since pin 15 is a high impedance
input. Pin 16 is at the negative voltage and IREF

still flows into pin 16 Again, R,s is used only to
compensate for bias current. There is an important
requirement for this connection: the negative refer-
ence voltage must always be 3 volts above VEE,

3. lOUT iS inversely proportional to the reference input
current (JREF) times the digital word• Scaling of the
applied reference can be represented as follows:

lout = --2 \ R_EF /

where n = 10 [10 bit DAC}

An = digital code

Note: 1 ] The largest digital code for a 10 bit DAC is 1023.
2} The reference current is scaled by a factor of 2

within the DAC ........

Example:

IOuT(FS)
\1._/\ 1024 /

= -3.996 mA (nominal)

lOuT (ZERO} = -2 \1.25K/

= 0 mA (nominal}

4. The reference amplifier is internally compensated.
The minimum reference current supplied from a cur-
rent source is 0.5 mA for stability.

5. The voltage on pin 3 is restricted to a range of
-2.5V to +0.2V. This compliance voltage is guaran-
teed at 25°C and nearly constant over temperature.

6. Full scale output current of 3.996 mA is guaranteed
for input reference currents to pin 16 between 1.9
and 2.1 mA.

7. It is recommended that pin 14 (Vcc) and pin 1 (VEE]

always be bypassed to ground with at least 0.1 #F
capacitors located close to the pins.

8. The accuracy of the' converter is specified for a ref-
erence current of 2.0 mA; the accuracy, however,
is essentially constant for reference currents from
1.5 mA to 2.5 mA Typically, this device is monotonic
for all values of reference current above 05 mA.



9. For fastest voltage output settling times in either

unipolar or bipolar modes, two circuits using Datel |

Systems AM-452 monolithic operational amplifiers

are recommended. These circuits, with the compen-

sation shown, result in output settling times of typi-

cally 550 nsec. for a 10 volt change to 1 LSB. This
is the worst case settling time which occurs when

all bits are turned on. For current output and RE less

than 500 ohms, this time is 250 nsec.; when all bits

are turned off the time is shorter, typically 100 nsec.

The two circuits shown also illustrate a simple

method of deriving both reference current and offset

current from a precision 6.4 volt Zener reference
diode.

10. Both one and two quadrant multiplication are also

possible with the converter as shown in the two

diagrams. V=N is shown operating into pin 16; this

results in an input impedance of 2.5K. Alternatively,

V_N can be applied to pin 15 for a high impedance

input as explained previously. The range of VIN is

then 0 to - 10V. For two Quadrant multiplication VIN

is unipolar and the digital input is bipolar with offset

binary coding. VouT then varies over the bipolar

range of ±5 volts. In multiplication applications, it is

recommended that full scale IREF be set to 2.0 mA;
the output is then monotonic as the reference cur-

rent varies over 0.5 mA to 2.0 mA.

TWO WAYS TO CONNECT REFERENCE

VRIEF

-

CONNECTION FOR BIPOLAR VOLTAGE OUT

BIT

MS810.---- 4

20_-- 5
30--.--6

40.----7

50-_- 8

60---- 9
70-.---10

80.._--- 11

90-----12
LSB 10 _ 13

+5VDC

_0F1% R16 ÷VREF --

,, z

VREF _ 2mA VREF --

- -_-,_ - --_-- _A
-15V OC

GENERAL CONNECTION DIAGRAM

CONNECTION FOR DIRECT VOLTAGE OUTPUT

MF-Metal Film

DIGITAL 4 TO 20 MA OR

1 TO 5 VOLT CONVERTER
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ONE QUADRANT MULTIPLICATION

* SV

I_T 14

MSB 10..---

30--_ S

30----4

,o-- , _o%
SO._- II

4o---- $

|0"_-- tl

90_- _2

LS8 100._ 13

OlaF _

4._ I%MF

V._ t0 TO * t0Vl

C

VOUT _0V!

MSB

FAST, UNIPOLAR VOLTAGE OUTPUT
GAIN AOJ. * _.4V

16 "'_ 0A 2_K1%

ADJ. !

-- _ ._ " _'_0 NSEC" TO I LSn

14

2O-----

] 0----

40-----

so--- _
e _...._ ' _

_ o.,-- I io

ImI_--'--- |l

tO----- 1:2

100--'-- t3
1

- 15V

L511 NOTE: Z |§V POWER SUPPLY
CONNECTIONS NOT SHOWN FOR

AMPLIFIER

TWO QUADRANT MULTIPLICATION

MSB

LSS

* SV

0 t_F

SIT 14

20'------5

30------6

4_7

OAC.
SO"_ 6 Ictoa

70_- 10

i 0"""_ t2

I_ O._-- 13
t

0 tt, F _

-_ - 1SV

4._K 1%MF

VtN ¢0 TO * 10V)

4,99K

FAST, BIPOLAR VOLTAGE OUTPUT
GAtN ADJ.

*SV

MS8 8:Tc_'-..---"4 ,4

2_S

30-_- 8

40------7
D&C.

5 O._--- 8 ICIOB

60_-- !)

9_ 12

LSB 10_ t3
1

0t_F

- 15V

_ ÷ 15V

21%_( SOOn 1%

2mA IN4571 "

_p rout I - SV TO *5V}

3 . ."_ 6 OUTPUT SE-I-rLING

NOTE: z I§VPOWER SUPPLY
CONNECTIONS NOT SHOWN FOR
AMPLIFIER

_._..,_._._...._&_._, ,,._.'.:." ,_,: .c _.'.:,.:,y " . :., . .-;_ ' ",.

1. Select the desired output range by means of the feedback resistor of the external operational amplifier and
the externally programmed reference current.

2. Zero and Offset Adjustments/For unipolar operation, set all digital inputs to "0" (0V to +0.aV) and adjust
the output amplifier ZERO ADJUSTMENT for zero output voltage. For bipolar operation, set all digital in-
puts to "0" (0 to +0.8V) and adjust the OFFSET ADJUSTMENT for the negative full scale voltage shown in
the Coding Table.

3. Gain AdjustmentlFor either unipolar or bipolar operation, set all digital inputs to "1" (+2.0 to +5,5V) and
adjust the GAIN ADJUSTMENT for the positive full

;"- INPUT CODE

M_NI LSS 0 TO + SV

11 1111 1111 +4.995V

11 1000 0000 +4.375

11 0000 0000 +3750

10 0000 0000 +2500

01 0000 0000 +1.250

0000000001 +0005

O0 0000 0000 0.000

|

UNIPOL&R OPERATION--S,TR, AIGHT BINARY

0 TO +tOV

+9990

+8750

+7500

+5000

+2.500

+0010

0000

OTO -2MA 0TO -4MA

-1998 MA -3 996

- 1750 -3 500

-1.500 -3000

- 1.000 -2000

-0.500 -0100

-0002 -0004

0 000 0.000

tale voltage shown in the Coding Table.

INPUT CODE

MSB LSS

111111 1111

1110000000

I1 0000 0000

100000 0000

0100000000

000000 0001

000000 0000

BIPOLAR OPERATION--OFFSET BINARY CODING

| =5V ±10V

+4.990V + 9980V

+3.750 + 7.500

+2.500 + 5.000

0000 0000

-2,500 - 5 000

-4990 - 9.980

-5,000 - 10 000

±IMA ±2MA --

-0._8MA - 1.096MA

- 0.750 - 1.500

_ 0m _ - tO00

0.000 0.000
I

+0500 +1000

+0998 + t._

+ t .000 + 2.000

_ SYSTEMS, INC. 11 CABOT BOULEVARD. MANSFIELD. MA 02048 / TEL. (617]828-8000 / (81 ?|339-9341 / TWX 710-346-t 953 / TLX 951340

Santa Aria. (714)835-2751, {LA.] (2i 3)933-7256 • Sunnyvale, CA (408)733-2424 • Gaithersburg. MD (301 ]8,40-9490 • Houston, (713)932-1130 • Dallas, TX (2141241-C_551

OVERSEAS: DATEL (UK) LTD--TEL: ANDOVER (0264)51055 ,, DATEL SYSTEMS SARL 620-06-7.4 • DATELEK SYSTEMS GmbH (089}77-6C,,95

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE 1/79 Bulletin DTCJ10810
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APPENDIX iii (oont.)

CALCULATIONS FOR 10 @IT D-A

The circuit diagram used for the 10 bit D-A is shown

in figure 14 in the report and reference will need to be

made to this and tile data sl,eet.

The output voltage swing as ti_e c_unter goes from

zero to 511 must be colculated at pin 3. In order to do

this, the reference voltage betvreen ti_e two IOC_

resistors at pin 16 must be estimated. Regarding pin 16

as a virtual earth, one obtains 2.4 volts for this figure

with a 5 volt supply and a 1.2K_ series resistor:

Then Iout (full scale)

-2 (2"4 I ( 5111_ 102-_" = -2mA

This flows through a 68_resistor at pin 3 so voltage

swing is:

-1.36v at 511

to Ov at 0

The op-amp resistors used on the output then give, with an

input of -1.36 volts, an output range of 2.8 volts to 6.9 volts.
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APPENDIX V

_COST ING

Apart from the I.P.L.

the remaining components

lx 4011

5x 401 3

1 x 4040

2x 4071

1 x T_081

lx 741

lOx BC182L

10x LEDs

22x Resistors

2x Capacitors

10 bit D-A:

DATEL ICIOB

Associated components

TOTAL

8 bit D-A:

DgC 0800

Associated components

board end the optics

cost the following:

q

0=23

2=80

I=02

0=50

0=24

0=23

0=70

I=10

0=22

0=18

7=82

0=77

£I 5=81

2=04

I=07

s_,stem,
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